Introduction {#S0001}
============

Cervical cancer (CC) ranks as one of the most common and lethal malignancies in females worldwide, which greatly imperils the physical and mental health of women, and the situation is worse in developing countries.[@CIT0001],[@CIT0002] Persistent infection of the human papillomavirus (HPV) is a key attribute but not adequate to bring about cervical carcinogenesis.[@CIT0003] Although extensive investigation has broaden our knowledge on some mechanism of CC pathogenesis, unfortunately, the current 5-year survival rate of CC patients at the advanced stages remains dissatisfactory.[@CIT0004],[@CIT0005] Therefore, it is urgent to identify more efficient therapeutic targets and develop novel strategies for treatment of this disease.

MicroRNAs (miRNAs) are a large family of short (\~22 nucleotides in length) non-coding RNAs in eukaryotes. Through directly binding to the complementary sequences in the 3ʹ-untranslated regions (3ʹ-UTRs) of their target mRNAs and leading to the target mRNA degradation and/or translation suppression, miRNAs are deemed as crucial regulators of gene expression and highly implicated in tumorigenesis, including in CC development.[@CIT0006]--[@CIT0008] Numerous miRNAs have been identified as oncogenes or tumor suppressors in CC, such as miR-338-3p,[@CIT0009] miR-211[@CIT0010] and miR-877.[@CIT0011] Besides, some miRNAs have been reported to be abnormally expressed and have potential diagnostic or prognostic significance in clinic.[@CIT0012] Recently, miR-1193, a newly found and poorly studied miRNA, was found to be dysregulated in cutaneous squamous cell carcinoma, T-cell leukemia and breast cancer.[@CIT0013]--[@CIT0015] However, its implication in CC remains unknown.

In this study, we examined the expression, function and mechanism of miR-1193 in CC progression. Our results indicated that miR-1193 was gradually downregulated in LSIL (low-grade squamous intraepithelial lesions), HSIL (high-grade squamous intraepithelial lesions) and CC tissues. Gain-of-function and mechanistic studies revealed that miR-1193 acted as a tumor suppressor by targeting claudin 7 (CLDN7) in CC cells.

Materials and Methods {#S0002}
=====================

Patients and Tissues {#S0002-S2001}
--------------------

﻿Sixty pairs of human cervical samples including abnormal cervical tissues (LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions and CC) and matched normal tissues (more than 5cm from abnormal tissues were necessary) were collected from Jan 2018 to Dec 2019 in First Affiliated Hospital of Fujian Medical University 350005 PR China. They were all freshly frozen in liquid nitrogen until used. All patients had not undergone preoperative chemotherapy or radiotherapy treatment. All patients had signed informed consent and Ethics Committee approval was given by First Affiliated Hospital of Fujian Medical University 350005 PR China.

Cell Culture {#S0002-S2002}
------------

Six cervical cancer cell lines (C-33A, CaSki, HCE1, Hela, Hela 229 and SiHa) and one normal human cervix epithelial cell line (Ect1/E6E7) were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). All cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Life Technology, Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS, Life Technology, Thermo Fisher Scientific, Waltham, MA, USA), 100U/mL penicillin and 100μg/mL streptomycin (P/S, Life Technology, Thermo Fisher Scientific, Waltham, MA, USA) at 37°C with 5% CO~2~ in a humidified incubator.

MiRNA Mimics and Transfections {#S0002-S2003}
------------------------------

MicroRNA negative controls (miR-C) and miR-1193 mimics (miR-1193) were purchased from GenePharma Company (Shanghai, P. R. China). Transfections were performed using Lipofectamine™ 2000 Transfection Reagent (Life Technology, Thermo Fisher Scientific, Waltham, MA, USA) in accordance with the manufacturer's instructions.

qRT-PCR (Quantitative Real-Time Polymerase Chain Reaction) {#S0002-S2004}
----------------------------------------------------------

Total RNA was extracted from paired cervical cancer tissues and cultured cells with TRIzol^®^ reagent (Life Technology, Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer's instructions. The relative level of miR-1193 and U6B was detected using a SYBR^®^ PrimeScript^®^ miRNA RT-PCR Kit (TaKaRa, Dalian, Liaoning, P. R. China) according to the manufacturer's instructions. For detection of CLDN7 and GAPDH mRNA expression, the first-strand cDNA was synthesized using M-MLV Reverse Transcriptase (Promega Corporation, Madison, WI, USA) according to the manufacturer's instructions. qRT-PCR was conducted using SYBR Premix Ex Taq (TaKaRa, Dalian, Liaoning, China) in the ABI 7900 Fast system (Applied Biosystems, Foster City, CA, USA). The relative expression of miR-1193 and CLDN7 was normalized to U6B and GAPDH, respectively, by using the 2^−ΔΔCT^ method.

CCK-8 Assay {#S0002-S2005}
-----------

24h after transfection, Hela or SiHa cells were resuspended and seeded into 96-well plates at a density of 2.5×10^3^ cells/well. Cell proliferation ability was evaluated by conducting the CCK-8 assay (Dojindo, Kumamoto, Japan) at four time points: Day1, Day2, Day3 and Day4 after incubation. A total of 10μL CCK-8 reagent was added to each well and incubated at 37°C with 5% CO~2~ for another 2h. Finally, the optical density of each well was measured at a wavelength of 450nm using a microplate reader (Molecular Device, San Jose, CA, USA).

Transwell Assay {#S0002-S2006}
---------------

Cell invasion ability was determined using transwell assay. Briefly, 2.5×10^5^ cells were seeded into the upper chamber of 24-well Transwell chambers (Corning Incorporated, Corning, NY, USA) with a pore size of 8.0μm. In the lower chamber, 600μL DMEM medium with 10% FBS was added. 24h later, the non-invading cells on the upper surface of the filter were gently removed with a cotton swab, whereas the cells that invaded into the lower surface of the filter were fixed with paraformaldehyde for 30min and stained with 0.1% crystal violet for 20min at room temperature. The cells were photographed with an inverted light microscope (Olympus, Tokyo, Japan) for at least five individual fields.

Wound Healing Assay {#S0002-S2007}
-------------------

Cell migration ability was determined using wound-healing assay. Controls (miR-C) or miR-1193 mimics (miR-1193) transfected cells (2.5×10^5^/well) were cultured in 6-well plates for 24h. Subsequently, the cells were scratched with a sterile plastic micropipette tip to generate a wound in the monolayer. The cells were washed twice with PBS and cultured in DMEM medium without serum for 24h. Then, the wound was imaged at 0h and 24h under an inverted microscope (Olympus, Tokyo, Japan), and the separation distance between wound sides was measured from the images by ImageJ software at three different sites of the wound area of gaps. Three independent experiments were performed and the wound area values were averaged. The result was shown as the ratio of experimental group to control group.

Plasmid Construction {#S0002-S2008}
--------------------

The wild type fragment of *CLDN7* 3ʹ-UTR-WT containing the miR-1193 predicted binding site or mutant fragment of *CLDN7* 3ʹ-UTR-MT was synthesized by Sangon Biotech Co., Ltd. (Shanghai, P. R. China). The two fragments were sub-cloned into pmirGLO Dual-Luciferase miRNA Target Expression Vector (Promega Corporation, Madison, WI, USA). The coding sequence of CLDN7 mRNA was amplified by PCR using KOD-plus-Ver.2 kit (TOYOBO, Osaka, Japan) and subcloned into pcDNA™3.1/myc-His A Mammalian Expression Vectors (Life Technology, Thermo Fisher Scientific, Waltham, MA, USA).

Luciferase Reporter Assay {#S0002-S2009}
-------------------------

Hela or SiHa cells were co-transfected with controls (miR-C) or miR-1193 mimics (miR-1193) and luciferase reporter vectors of the wild type *CLDN7* 3ʹ-UTR (*CLDN7* 3ʹ-UTR-WT) or mutant *CLDN7* 3ʹ-UTR (*CLDN7* 3ʹ-UTR-MT). 48h later, luciferase activity was detected using Dual-Luciferase^®^ Reporter Assay System (Promega Corporation, Madison, WI, USA) according to the manufacturer's instructions.

Western Blot {#S0002-S2010}
------------

Briefly, cells were lysed using radioimmunoprecipitation lysis buffer (RIPA buffer, Beyotime, Nanjing, Jiangsu, China). The protein concentration was determined using a BCA protein assay kit (Beyotime, Nanjing, Jiangsu, China). An equal amount (25μg) protein samples were separated on 10% SDS-PAGE, then the proteins were transferred to nitrocellulose (NC) membrane (Millipore, Billerica, MA). The membranes were blocked by 5% skim milk for 1h at room temperature. Then, the membranes were incubated with antibodies against CLDN7, IGF2BP2, β-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or TM9SF3 (Abclonal Technology, Wuhan, China) overnight at 4°C, followed by HRP-linked secondary antibodies (Beyotime, Nanjing, Jiangsu, China) 1h at room temperature. Finally, the protein blots were detected by the enhanced chemiluminescence detection system (Pierce, Billerica, MA). β-actin was used as an internal control.

Target Prediction {#S0002-S2011}
-----------------

Targets of miR-1193 were searched on Targetscan Release 7.2 ([<http://www.targetscan.org/vert_72/>]{.ul}), and the results suggested CLDN7 as a potential target of miR-1193. To further confirm whether CLDN7 was directly targeted by miR-1193, we obtained more information about the sequence of *CLDN7* 3ʹ-UTR on Targetscan.

Statistical Analysis {#S0002-S2012}
--------------------

Statistical analyses were performed by GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla, USA). Statistical significance of difference between two groups was determined by a two-tailed Student's *t*-test. Statistical significance of difference between three or more groups was determined by one-way ANOVA. The correlation between miR-1193 and CLDN7 expressions was analyzed by Spearman correlation. All experiments were performed in triplicate and presented as mean ± SD. *P* value of \<0.05 was considered as statistically significant.

Results {#S0003}
=======

Decreased Expression of MiR-1193 in CC Tissues and Cell Lines {#S0003-S2001}
-------------------------------------------------------------

To characterize the role of miR-1193 in CC, we firstly explored its expression pattern in clinical cervical samples. In the 60 pairs of cervical samples collected (including LSIL, HSIL, CC and matched normal tissues), qRT-PCR result showed that miR-1193 was frequently downregulated in abnormal tissues (LSIL, HSIL and CC) compared with matched normal tissues ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}). Furthermore, when classifying these clinical cervical samples with LSIL, HSIL and CC, the statistical analysis result showed that miR-1193 was more decreased in CC ([Figure 1C](#F0001){ref-type="fig"}), indicating the relevance of miR-1193 in CC progression. Meanwhile, we also detected the expression of miR-1193 in a panel of CC cell lines. The result showed that in comparison with the normal cervix epithelial cell line (Ect1/E6E7), miR-1193 was downregulated in the six cervical cancer cell lines (C-33A, CaSki, HCE1, Hela, Hela 229, SiHa, [Figure 1D](#F0001){ref-type="fig"}). Therefore, these expression detection results confirmed that miR-1193 was decreased in CC and might be highly involved in CC progression.Figure 1Decreased expression of miR-1193 in cervical cancer tissues and cell lines. (**A**) Difference in the expression of miR-1193 in 60 pairs of cervical samples by qRT-PCR analysis. (**B**) Difference in the expression of miR-1193 in 60 pairs of abnormal cervical tissues (Abnormal) and matched normal tissues (Normal) by qRT-PCR analysis. (**C**) Difference in the expression of miR-1193 in LSIL (N=16), HSIL (N=16) and CC (N=28) tissues by qRT-PCR analysis. (**D**) Difference in the expression of miR-1193 in six cervical cancer cell lines (C-33A, CaSki, HCE1, Hela, Hela 229 and SiHa) and one normal human cervix epithelial cell line (Ect1/E6E7) by qRT-PCR analysis. \**P*\<0.05, \*\**P*\<0.01.**Abbreviations:** LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; CC, cervical cancer.

The Inhibitory Roles of MiR-1193 in CC {#S0003-S2002}
--------------------------------------

Then, we overexpressed miR-1193 in two CC cell lines (Hela and SiHa), which contained relatively lower endogenous level of miR-1193 ([Figure 1D](#F0001){ref-type="fig"}). After validation of the overexpression in the two cell lines by qRT-PCR ([Figure 2A](#F0002){ref-type="fig"}), we performed CCK-8 assay to evaluate the impact of miR-1193 in cell proliferation. The results shown in [Figure 2B](#F0002){ref-type="fig"} demonstrated that miR-1193 significantly inhibited CC cell proliferation in these two cell lines. In addition, its enforced expression markedly inhibited CC cell invasion and migration ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). These tumor suppressing activities of miR-1193 are very similar to those in breast cancer and T-cell leukemia.[@CIT0014],[@CIT0015]Figure 2The suppressive roles of miR-1193 in cervical cancer. (**A**) Hela or SiHa cells were transfected with controls (miR-C) or miR-1193 mimics (miR-1193). 24h later, relative miR-1193 expression was detected by qRT-PCR analysis, respectively. (**B**) Hela or SiHa cells were transfected with controls (miR-C) or miR-1193 mimics (miR-1193). At Day1, Day2, Day3 and Day4 after transfection, CCK-8 assay was performed to evaluate the cell proliferation ability, respectively. (**C**) Hela or SiHa cells were transfected with controls (miR-C) or miR-1193 mimics (miR-1193). 24h later, transwell assay was performed to evaluate the cell invasion ability, respectively. The bottom panel shows the quantitative results. (**D**) Hela or SiHa cells were transfected with controls (miR-C) or miR-1193 mimics (miR-1193). 24h later, wound healing assay was performed to evaluate the cell migration ability, respectively. The bottom panel shows the quantitative results. All the experiments were performed 3 times with triplicate samples. \*\**P*\<0.01, \*\*\**P*\<0.001.

MiR-1193 Directly Targets CLDN7 in CC Cells {#S0003-S2003}
-------------------------------------------

Through the above expression and function studies, we concluded that miR-1193 was an important tumor suppressing miRNA in CC. However, the mechanism about how miR-1193 exerted tumor suppressing activities was unknown in CC. As we known, miRNAs negatively regulated the target gene expression in a post-transcription manner. We utilized Targetscan to predict the possible targets of miR-1193. As shown in [Figure 3A](#F0003){ref-type="fig"}, we found an interaction between miR-1193 and 3ʹ-UTR of claudin 7 (*CLDN7*). Luciferase reporter assay revealed that miR-1193 overexpression led to the reduction of the wild type reporter (*CLDN7* 3ʹ-UTR-WT) activities in the two CC cell lines, whereas miR-1193 overexpression had nearly no impact on the mutant type reporter (*CLDN7* 3ʹ-UTR-MT, [Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Furthermore, qRT-PCR and Western blot experiments showed that miR-1193 significantly repressed the mRNA and protein expression of CLDN7 ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}), but IGF2BP2 and TM9SF3, another two targets of miR-1193 reported in breast cancer and T-cell leukemia, respectively, showed minor or almost no change at both mRNA and protein levels ([[Supplemental Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=247115.doc)]{.ul}). Therefore, we confirmed that CLDN7 was a direct target of miR-1193 in CC cells.Figure 3MiR-1193 directly targets CLDN7 in cervical cancer cells. (**A**) The middle panel shows the diagram of putative miR-1193 binding sites of *CLDN7* 3ʹ-UTR sequence (in blue). The up panel shows the sequence of the miR-1193 binding site with wild type (WT) *CLDN7* 3ʹ-UTR (in green), while the bottom panel shows the mutant (MT) *CLDN7* 3ʹ-UTR sequence (in red). (**B**) Hela and SiHa cell was co-transfected with miR-1193 and *CLDN7* 3ʹ-UTR-WT or co-transfected with miR-1193 and *CLDN7* 3ʹ-UTR-MT. The luciferase activity was detected using the luciferase reporter assay. (**C**) The mRNA level of CLDN7 in miR-C or miR-1193 transfected Hela and SiHa cells by qRT-PCR analysis. (**D**) The protein level of CLDN7 in miR-C or miR-1193 transfected Hela and SiHa cells by Western blot analysis. All the experiments were performed 3 times with triplicate samples. \*\**P*\<0.01.**Abbreviation:** NS, not significant.

Restoration Effects of CLDN7 in miR-1193-Overexpressed CC Cells {#S0003-S2004}
---------------------------------------------------------------

To investigate whether miR-1193 exerted tumor suppressing effects via targeting CLDN7 in CC cells, we co-transfected CLDN7 expressing plasmid with miR-1193 mimics, and compared the proliferation, invasion and migration capacities with the single miR-1193 mimics transfection in Hela cells. qRT-PCR and Western blot both validated the successful transfection of CLDN7 ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). We found that restoration of CLDN7 robustly rescued the tumor suppressing effects of miR-1193 in CC cells, including in cell proliferation, invasion and migration ([Figure 4C](#F0004){ref-type="fig"}--[E](#F0004){ref-type="fig"}). These results clearly demonstrated that miR-1193 inhibits CC progression at least partially via downregulating CLDN7.Figure 4Restoration effects of CLDN7 in miR-1193-overexpressed cervical cancer cells. (**A**) Hela cells were transfected with controls (miR-C), miR-1193 mimics (miR-1193), or miR-1193 mimics plus CLDN7 expression plasmids (miR-1193+CLDN7). 24h later, relative miR-1193 and CLDN7 expression was detected by qRT-PCR analysis, respectively. (**B**) Hela cells were transfected with controls (miR-C), miR-1193 mimics (miR-1193), or miR-1193 mimics plus CLDN7 expression plasmids (miR-1193+CLDN7). 24h later, relative miR-1193 and CLDN7 expression was detected by Western blot analysis. (**C**) Hela cells were transfected with controls (miR-C), miR-1193 mimics (miR-1193), or miR-1193 mimics plus CLDN7 expression plasmids (miR-1193+CLDN7). At Day1, Day2, Day3 and Day4 after transfection, CCK-8 assay was performed to evaluate the cell proliferation ability. (**D**) Hela cells were transfected with controls (miR-C), miR-1193 mimics (miR-1193), or miR-1193 mimics plus CLDN7 expression plasmids (miR-1193+CLDN7). 24h later, transwell assay was performed to evaluate the cell invasion ability. The bottom panel shows the quantitative results. (**E**) Hela cells were transfected with controls (miR-C), miR-1193 mimics (miR-1193), or miR-1193 mimics plus CLDN7 expression plasmids (miR-1193+CLDN7). 24h later, wound healing assay was performed to evaluate the cell migration ability. All the experiments were performed 3 times with triplicate samples. \*\**P*\<0.01, \*\*\**P*\<0.001, vs miR-C group. ^\#\#^*P*\<0.01, vs miR-1193 group.**Abbreviations:** NS, not significant, vs miR-C group.

Increased Expression of CLDN7 in CC {#S0003-S2005}
-----------------------------------

Through the above studies, we learned that CLDN7 was a vital target of miR-1193 and mediated the tumor suppressing effects of miR-1193 in CC cells. However, whether CLDN7 itself was aberrantly expressed in CC remains unclear. Using the above-mentioned 60 pairs of cervical samples, we conducted qRT-PCR assay to detect its expression. As shown in [Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}, we found that CLDN7 was statistically significantly upregulated in most of abnormal tissues compared with matched normal tissues. The increase of CLDN7 was also confirmed by the mRNA expression data from the GEPIA database ([<http://gepia.cancer-pku.cn/>]{.ul}; [[Supplemental Figure 2A](https://www.dovepress.com/get_supplementary_file.php?f=247115.doc)]{.ul}) and the immunohistochemistry data from the human protein atlas ([<https://www.proteinatlas.org/>]{.ul}, [Figure 5C](#F0005){ref-type="fig"}). In contrast, the upregulation of CLDN7 was more obvious in CC than HSIL, and also more obvious in HSIL than LSIL ([Figure 5D](#F0005){ref-type="fig"}). Additionally, we found that upregulated CLDN7 expression was inversely correlated with downregulated miR-1193 in these 60 pairs of cervical samples ([Figure 5E](#F0005){ref-type="fig"}). This negative correlation was further confirmed by using the online LinkedOmics ([<http://www.linkedomics.org/>]{.ul}) data when analyzing the expression of miR-1193 and CLDN7 in CESC (cervical squamous cell carcinoma; [[Supplemental Figure 2B](https://www.dovepress.com/get_supplementary_file.php?f=247115.doc)]{.ul}). Collectively, our data demonstrated that CLDN7 was a critical and functional target of miR-1193, which exhibited upregulation and might be highly implicated in CC progression.Figure 5Increased expression of CLDN7 in cervical cancer. (**A**) Difference in the expression of CLDN7 in 60 pairs of cervical samples by qRT-PCR analysis. (**B**) Difference in the expression of CLDN7 in 60 pairs of abnormal cervical tissues (Abnormal) and matched normal tissues (Normal) by qRT-PCR analysis. (**C**) Immunohistochemistry analyses from the online tool human protein atlas ([<https://www.proteinatlas.org/>]{.ul}) validated CDLN7 protein upregulation in non-cancerous cervical tissues (a, b) and cervical cancer tissues (c, d). Magnification: 100×. (**D**) Difference in the expression of CLDN7 in LSIL (N=16), HSIL (N=16) and CC (N=28) tissues by qRT-PCR analysis. (**E**) Spearman correlation analysis was performed to explore the negative correlation between miR-1193 and CLDN7 mRNA levels in 60 paired cervical samples (N=60, *P*\<0.0001).**Abbreviations:** LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; CC, cervical cancer.

Discussion {#S0004}
==========

Abnormal expressions of miRNAs are frequently reported in cancers and they are closely related to the initiation and progression of multiple human cancers.[@CIT0016] Importantly, various reports have established that miRNAs might be promising biomarkers or therapeutic targets for some cancers, including CC.[@CIT0017],[@CIT0018] Therefore, studies centering on the roles and mechanisms of miRNAs in CC may largely benefit the improvement of diagnosis, therapy and prognosis of this dismal disease.

MiR-1193 was firstly identified in the melanoma miRNAome by deep sequencing by Stark and his colleagues.[@CIT0019] To the best of our knowledge, there are rare studies investigating its roles in human cancers. Until recently, two groups reported the tumor suppressing functions of miR-1193 in breast cancer and T-cell leukemia.[@CIT0014],[@CIT0015] Their findings indicated that miR-1193 could inhibit cell proliferation and invasion in the two types of malignancies by targeting individual targets, IGF2BP2 and TM9SF3, suggesting the common inhibitory roles in tumors while specific targets of miR-1193.[@CIT0014],[@CIT0015]

In our study, we examined the expression, function and possible mechanism of miR-1193 in cervical samples and cells. Since it remained unclear about the roles of miR-1193 in CC, our study presented the details for the first time. We showed that miR-1193 was especially downregulated in CC tissues. These results highly indicated that miR-1193 might take part in CC progression. Consistently, gain-of-function investigation revealed that miR-1193 inhibited CC cell proliferation, invasion and migration. The tumor inhibitory activities of miR-1193 quite conform to its downregulation in cervical samples, and these results are very similar to those in breast cancer and T-cell leukemia,[@CIT0014],[@CIT0015] suggesting the common tumor suppressing roles of miR-1193 in these malignancies.

As we known, miRNAs could regulate gene expression in a post-transcription manner. It is well recognized that one single mRNA contains several binding sites for distinct miRNAs, likewise, one single miRNA might target several target mRNAs.[@CIT0020] In breast cancer, miR-1193 was found to target the insulin-like growth factor 2 mRNA-binding protein 2 (IGF2BP2) mRNA, thus repress the downstream oncogenic ERK and PI3K/AKT pathways.[@CIT0015] In T-cell leukemia, transmembrane 9 superfamily 3 (TM9SF3) was validated as a target of miR-1193 and it displayed a strong negative correlation with miR-1193 in T-cell leukemia.[@CIT0014]

In our study, we showed that miR-1193 targeted the claudin 7 (*CLDN7*) mRNA at the 3ʹ-UTR region, therefore, downregulated CLDN7 expression, but hardly regulate the expression of IGF2BP2 or TM9SF3, indicating that miR-1193 might have specific or at least favorite targets in different malignancies. Importantly, rescue experiments confirmed that CLDN7 could mediate the tumor suppressing effects of miR-1193 in CC cells, since CLDN7 restoration largely rescued the tumor inhibitory activities of miR-1193.

The claudin family consists over 24 members, and each of them displays a tissue-specific distribution.[@CIT0021] They are tetraspan transmembrane protein components of tight junctions and determine the properties of cell-cell contacts between two neighboring cells.[@CIT0022] To our knowledge, CLDN7 exerts both tumor promoting and tumor suppressing roles in human malignancies, depending on the tumor types. For instance, CLDN7 is downregulated in esophageal and breast cancer and functions as a tumor suppresser.[@CIT0023],[@CIT0024] However, in ovarian cancer, it is upregulated and functions as an oncogene.[@CIT0025] In the present study, we provide crucial evidence that CLDN7 was more upregulated in CC tissues. Although direct evidences by loss- or gain-of-function studies to characterize the function of CLDN7 in CC were absent in our study, the rescue experiments that CLDN7 restoration could recover the reduced proliferation, migration and invasion caused by miR-1193, also supported that CLDN7 itself was a vital oncogene in CC cells. Furthermore, we showed that CLDN7 expression was inversely correlated with miR-1193. This result once more validated that the targeting of CLDN7 by miR-1193.

In summary, the findings present in this study identified miR-1193 as a crucial tumor suppressor in CC by inhibiting cell proliferation, invasion and migration. We verified that CLDN7 was a direct and important target of miR-1193 in CC cells, since its restoration significantly recovered the tumor suppressing effects caused by miR-1193. Our study highlights the possible application of miR-1193 as a novel target in CC therapy.
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